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00 (57) Abstract: An active substance of positive electrode that enables obtaining a battery exhibiting high energy density and exccl- 
lent high-rate discharge performance and, even when high-temperature charging is effected, suffering less deterioration of battery 

fT) performance; and a nonaqueous electrolyte battery containing the same. The positive electrode active substance is composed at least 
of lithium (Li), manganese (MnX nickel (Ni), cobalt (Co) and oxygen (O), and contains a double oxide of the chemical composi- 

Otion formula: Li.MntNicCojOe (wherein 0<a^l.3, |b-c|^0.05, 0.6^d<l, 1.7^e^2.3, and b+c+d=l). The nonaqueous electrolyte 
battery comprises a positive electrode containing the above active substance, a negative electrode and a nonaqueous electrolyte. 
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IB TtJ^yi^— b { b y ^'^n<-7^:;^n^-?:/ h y (^iJ') T^yw— 

^V-^V^hV (:^^) r^y V— ^y-fey i^<7)^^Vi^;^'35^$^K^^j!j|Ii^<^ 
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<OY') i?^^) T^]} U-vm. 4'^mU±(D0'^m {^^) T^D I— h 
i^^=r.V:^3 Y-zVt-V'? (.:^^) ^y-Y. )) -^3 i^^-^^ (.^ ^) 

r^])\^—Y^} t^m'f^f\^^o ^iti^feo?*/-^— ^^A^ b< -^fflUTffl 

1~C 1 8 0J!iJ!55]!^*f=if*mm^T/^=»-/K T/V^aei^i^ (C2~C4) i/y^" 
— /K Ji^yr/i^^i/:/ (C2~C4) ^—jv^-vU^m^=^:^'rMt\^f^-h 

(^^) TtJ' y [C 1~C 1 sofliMi^ (^^/K ^^/K :rnt" 
:/^/K 2 -^i^/ix-^^i^/K :^7^ry/v^) T/V'=i— /i^i: (^t^') T ^ y 
^fcfiTy^^l/:x (C2~C4) i^'yn— /i^ (oi^l/^^'y 

(C2~c4) iJ^ya— ^'V' (T^y ai^i^>^i/y 3— /K 2Ky t-wv^/y = 
tt^ (y y/i^r 5 K [(y TiJ' y/i-T5 n-^^/v (^^5^) t^j^ 
r y /wai^^.x/V' [it^fci^/K i^^T y /^^] ; tf^^/v-^^— r/v^fcfir y /v-^— 
^) y h y /K n b^'c^ f y /i^^] ; yfrnwr/v^—zv c(p« 
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^^^mJKi^^^kTKm :7'nfc""v>'. zf^v^i^. ^y:/^ix^-. -<>^7=- 

(C6~C5 0) a-:^V7>r ; ^^^:7^^^Jlim^mb7Km [i^iJ' n 

— 1/-!^ -yV'jva^^'riv^)^ i^v^/^^^v"/^^ { 

y ixi;?/i-r $ { h y ^ y ix v^/v-^ y v^r ^ i^— h ^ x b 7 ^ y 
BuiB5j!'fb^j<^'e?ij^ uTfi. flgfl*:^:^^ y T ^ { v'^^ b y T 5 by 

o^^l/^-T" b7 5 3, 9- (3-T5 y tVl/) -2. 4, 8, 10-7^ 
bn^^-y-^tfn [5,5] ^-^Ix ^#1^^^ y T ^ { p« ^5^ W >- 

i^T5:>'s i^T^y^oir^/i'y^S'i^^}. ?Ky {^j^^f-^-^sKy t5 

iiTKyiJ'/^^s MtK b y y y b^. ^7Ky ^/^•:^v'5'^^}> y^^y— {y 
^{by;^ (i?y ^/i^r 5 y p« y^y— /k ^ 

21 



wo 03/081698 PCT/JP03/03691 

y,;xT-:?— hx 2. 2, 4 (2, 2. 4) - h y ;^ ^/l— ^=3ri^P< ^ VVi;^^^ y 

— p-:73ic^v;/i?xr y vr-^- 4, 4 ' -i^v^J^ n-^dev-zv-^ 

^i/v'-r yv^T-^— b> 3, 3 ' -i>^^/^v^:7ai::^/l^4, 4 ' -i^^^T y^^T"^ 

Ul^Z^^yi^Ti — trans-1, 4 - v':^' n^^-^/^i^^-f y i^T":? — f 

. vi^i^i^^yi^T-r-h^-A^mf^iti^o 

-feyi/> b y p{^n— 7^:7'o/^•^^^ l, 2, 6 -^^l^^" b y by^^^^ 
, 7«^/V'i^/^='i^F^}s Sttfe'fb^i^ {2, 2, 6, 6-7^h^^^ (tKn^ 

v'T^^/w) v'iJ' ^^^1^y — /K i^^t^v^^ h y T5: ^-j^^ ^'}> eirfg'fb'a'*^ {y 
{N, ^^^i^fvr ^i^. b y ^^/wr 5: >'^}x S^^t-^E-y 

T5i^^ {tfyi^^Vx N-T^^/l^^/l'J^^y i^^}^ i^T^i-'^ {N, N, N', N 
^-•7- f^^^/l/cnf^-l/^v^T^: N, N, NS N'— 3 — 

22 



wo 03/081698 PCT/JP03/03691 

(DABCO). N, N'-i;^p«^/^t^-<7^^^^^ 1, 2 -i;?^ ^/W ^ i5^>^-/l- 
1, ^-^Jr^^l^'^^ (5, 4, 0) -j7:/T^-fe>-7 (DBU) ^} ^^ 35. 
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^i^l y V h/K^^PflM^J^^Wt-7K 5 0 0ml ^2 5%T^^^^r7K (1 g) 

iiTK^'fb^/^/^f 10 0 gSrlSAU 3%7K^^k-:^M^ i> AtK:^;^"^ p H 1 1. 
0±0. lt;:ptiUfc„ ^^IfPfc-^J'-ic j; !9^^5:^f^^^?a^<lr5 Ot:j::^ofc 

LT. a^-^^;^^^- 57K5fPi^ (0. 6 5g) ^ 5/^5^71^ 6 TKfpi^ (0. 7 

Ig) i: t K7^^^l7Kfl3J^ (0. 0 1 g) ;^)S^^bTV^^7K^^l 0 Om 1 ^ 

f^^Ux ^H^2. Om 1 /m i n<?5gS*'eftirlB^^&1f Jj:iS^6<)J::?gTb:/bo i 
;rt^|lI^b-C. 5%T>'^^T^?KSr0. 6 m 1 /m i n <Dgltl:"^?ST?S'a' b/c 
^ ^-|rtfro^;^;;^^^OpH365l 1. 0 + 0. 1 i^L'^fcHS J: 9 s 3 2 roTK^'Tb'^ 

24 



wo 03/081698 PCT/JP03/03691 

(Ni+Mn + Co) =1. 0 J: MallbMmM^=Srfflv^T 

rmmr. i o o*c/h r (DmaJi^-es 5 o'c*-e#mbfcm^ 8 5ox^(Dm. 
m^i 5h r^^u. ^sfeVN-e. 1 0 o'C/^h r <7)^^^iiafT•2 0 Q-c^-ei^^Pb 

+ST'fc5r^;6S^;&-ofc„ (£AT. TicPj <^t>v^5) 

J^«tSmfife5^W<^^:^. L i Mno.oosN i 0.005C Oo.9902m^^5i^l-:^-o 

(lliife^?'] 2 ) M n - N i ^S^^fe 

2 5%ri/^ = r7K (ig) t::f^;t-C 2 5%Ti/^^r7K (2g) ^>^V^. ^ 
mm^sf^^Si: UT. • StK^p^ (1. 3 g) tmW^=^ -^^-^^ 

mil. 4 1 g) i t K7i^i^l7KfP#i (0. 0 1 g) :05^^u•rv^S7K^^Sl 

tatrfcS r. i:;6S^d^ofcio ICPO^:^. L i Mno.oiN i o.oiC oo.gaOzM^^ 

2 5%T^^^T7K (1 g) }-ftx.T2 5%T^^^^T7K (5 g) ^ffiV^. ^ 
JimJ|Sf^?^i UT. «iiE^'^>'^>^ • StK^P^ (3. 2 4g) i:TO^ry<5r/k6 7K 
fpi^ (3. 5 3g) Kyt^^'iTKfpi^ (0. 0 2 g) ^iS^ji^bTV^STK^^^ 

>fB-C*>^ w i:;ei5^:6>ofCo ICP(D^:^^ L i Mno.oasN i 0.025C o o.gsOz^-i-^ 

2 5%r^^^-T7K (Ig) \Ci-^^X2 SVoTI^^^TtK (lOg) ^^Vn. 
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-^m^M^'i^tLX, STK^n^^ (6. 4 8g) t^m^iy^^^Q 

TKfpi^ (7. 0 7g) 1 1 Kyt^^' iTKfpJ^ (0. 0 5g) :dmmvxv^^7K^ 

t@-efo^r 755^:^1^0 fco ICP(^)^m^ L i Mno.osN i o.osC Oo.aoOzifa^^ 

m^M^fco ^■<\^ju^^-:f(Dmwmm^m^tiW:wm^m\^^xi 2 o o r pmo 

fdo iSK^-^^^^ • 5 7KfP«^ (0 . 14 7mol/l) fl^^::^ y 6 ;4cftI#J 
(0. 147mol/l) tm.m=^^-^^^h 7 7KfPi^ (1. 464mol/'l) i: 
t v'^' iTK^i^ (0. OlOlmol/1) y55^^?bTV^SJm^^?1^^f^^ 
bfCo ^mUl^n^ 3 . 17ml /^m i n <Z)g£»T?BUlBSliS^f t-^^6^t-?^T b 
fco ::itLi:|^^bT. l 2mo l / l ©r^'^^^^T^IS^O. 22ml/'min 
(D|!?E*T'?iST)il'^bfCo ^fc. fl&IBR;S:ffln^^?^<^pH;dSl 1. 4±0. 1 i: — 

o-c;^7y-^m^i3:#mbfco ^mmii^t>h6 ommBi^^> ^:i-A^h5mm 

<DmK. Rm^m^^Xh^TSi i -Mn-C om^mt'^<D^'7 V — ^^i&bfCo 
^5lbfc;^7y-Sr7Ki5fc. ^iiUs 8 O^T— Sfefe^t^-^. Ni-Mn-Co# 

#bHfcN i -Mn-C o*efcprm^*:*&7l5^7 5^m*^^^^li&v^:5>^t^ TK^'fli 

y ^e^A— 7k:^|&5k^L i / (Ni+Mn + Co) =1. 0 J: 5 l^l^S U 
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^ffiv^T. ]^^y^^rmmT. 1 0 Cc/h r c^ma)tS-e8 5 o°c*-e#?ab 

, S5 0'C(Dm.m^l5hT^WV. i!feV^T^ 1 0 0°C/h r (Z)^^^4lI3t^-e2 o 

o'c^-ef^r*Pb. ^(D^wc^vit, 5]im&.-r\m\^^'^i-f\^tc 

o 

♦e-efeS CI ^ :d5^d^oyto ICP<^^:^> L i Mno.o835N i 0.0835C o 0.833O2 
(ttlfeM 1 ) 

E^-fbH^y^/k h i:;^^y ^!>i=K^7Ci^lt;?i5 1 : 1 i: 6 J: 5 bT^M 
X. K7^:3^T0KiiTs 1 0 ot:/h rr-8 5 o'C*t?#ta. 8 5 0t:i:i-C15 

3|=B-efe5r i:;6S^56^ofc„ 1CP(D^^. L i C o Oz^^^^® bfc„ 

2 5%r^^::^T7K (1 g) t::ft;l-C2 5%T^^^T7R (2 0 g) SrfflVN. 
t^JSJ^ifsi'^^S^ bX. ^$S^-^^;if^- 5 7KfP^ (2 1. 4g) i^a^^iy^^-z^-e 
TKfqi^ (2 3. 3g) ^fc K^i^i^iTKfn'^ (0. 2 g) ;0S^^Sb-cvNS7K^?K 

^'X:^^^ t7!i^t>i!}^-^fCo ICP(D^^^ L i Mno.iesN i 0.165C o 0.6702^^ 

2 5%T^^c:^T7K (Ig) l^f^;t-C2 5%Ti^^^r7K (5g) t^ffiV^. ^ 
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mm^BUtVX. «^^;5f:/ • 57KfP# (3. 8 9g) tmm=^-iy^^^6:^ 

(2. 8 3g) t K^^^^- i7Kfo«^ (0. 0 2g) i}mmi-x\^^^7i^mm 
1 0 om 1 ^m^^^t^^t^m-^xnmmmi tmm\^\^xm^^nfco 

i^Xh^^ti^t>-ib>otzLo ICP(D^^^^ L i Mno.o4N i o.oiC Oo.gsOzSa^^ 

2 5%ri^^^T7K (Ig) lJ:f^^T2 5%r:/^ = T7K (5g) ^fflv^. 4k 
Mim^^^SibT. M-^>';;5f:/* 57KfP#» (2. 5 9 g) i a^:::^ 5/ <5^/^ 6 tK 
fpj^ (4. 2 4g) t K^^^^' iTKfP^ (0. 0 2g) }65S^?UTV^^7K^^^ 
10 0ml lErfflV^fcr.i:^^V^Tfi|l^i^^!Il i: P^^Jl bT)|5&5|? Sr#fCo 

^:55^;6iofc„ I CF(DW^^ L i Mno.oiN i 0.04C Oo.ssOzM^^ 
(ittfe«3|2) 

?rS^-^>';?f>' • 57KfP'^ (0. 4 4 0moi/i) ^^am:^^^'?^/^- eTKfpi^ 

(0. 440mol/l) irfifS^s^^/V-h ■ 7 7K^^^ (0. 879mol/'l) 

i K^i^^-iTKfpi^ (o. oioimoi/1) bTV^;5m3^s|-^^^^f^ 

i^bTfflV^fcr. ^ ^|^V^T{i^ MMMS tmMi^\^Xh i Mno.asN i 0.25C o 

(i^mm 3 ) 

m^-^y^^^ • ^^^^ (0 . 2 2 9mol//l) ^li{E^^5/'5r/V • 6 7KfP^^ 
(0. 123mol/l) i:fiiK^=iy^/Ub • 7 i^^m (1. 406mol/l) 
i: t: K7i^i^l7KfPi^ (0. OlOlmol/1) d^^^f bTV^5 J^Jlsf^?^^^^ 
MbTfflVNfcr i:^I^V^T^*. mmm^ hmm\^\^Xl. i Mno.isN i 0.07 C o 
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il^'W:^^ • 5 7Rf0i^ (0. 12 3mol/l) i{E^= 5/ <5r/^ • 6 7KlP% 
(0. 229mol/'l) = ■ 7 7KfP#> (l. 406inol/l) 

i: t K7-:^vi7Kti*^ (0. Oloimoi/'i) :as^^uTV^5m^|s|■:^^%f^ 
MLTfflV^fc:: i:Sr^V^T(:i. MMM 5 tmm\^\^Xl. iMno.o7N i 0.13C o 

lEmmi&W. T-fe^wv:;^^s/;{'&T>*3!j<y :7:y'fbf'^y x:/ (PVdF) Sr. 

-fny K^- (NMP) hi^M^x+^m^mv, lEm^—^h^ntio mm 

doo2) 0. 3 3 7 nm, c fft;^rS]cD^^^©;k:t $ (Lc) 5 5 n m) :S:r>*>!K U 

:7iy'fiii^'::^y 7^:/ (PVdF) ^m*Ms9 5 : scofij-a-^M-a^Ufco ^ 
y >'5/>ft:if^yxi^fiN-^^/^-2-fc' D y k^^^^^>^v>^ M^5>i:u-cfi 

»m3iLU:rCo N-^^/V'-2-k-n y K^^ (NMP) ejl3:iP;tT+:9-21i^U 
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muiEmm7i3xui^m^R9^i 2 o°c-ei 2mmm^^mvt:L. ^^^^ 

1 0<^4^te:S&IB^7KmiiS^^*?^Ab. bf::^. m^fto. 1 I tA (iob#Fb^ 

4. 2 V<?5^m?iS<SSJE^S^fTV\ m«SO. 1 I tA (10Np^^)> ^ 

1 1 1 A (1 ob#Fp1^), 4. 2 v<D^ffi^:smiE3fEm> ^m^{tfi> ms^o. i 
1 1 A (1 0^^^). j^itrnjE^s. 0 v<D^«^j^^eS[mi: bfco 

^j^mW*^ r;^Wj^fl:^ft (mAh/g)J i:bfc„ 

tA (5^^^). 4. 2 V(D5^m^fD^midE^m^ b. ;^m^#f*s «iJit2. 0 I 

tA (0. 5^^^). j^ihmjEs. ov<^3^m«f6;^m^ b^o ro^#<D^m^ 
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Sm^^ttrlB (fb^m^^l) TL i aMnbN i cC OdOeJ "C^ Lfc:^'^''^ I b 
-c 1 <D'fjt*3J;tJ«d0^i[^^bfCo ft&IB r^SB^^m^* (mAh/'g)J^ ttrlB r 

(%)J *5<tt)«H&ia r]^M5teS^»J#*n^ (%)J ^^i-f-o 
«m^i^lissm^-ov^T. tsriB ^^^WiW<^^m. (%)j *3J:tJ«H&fB risti.^m^* 

it^ra^ (%)J <D^it:trfltrlEd<^'lii:i:©M#"e:rn 5/ b EI 3 33j;tJ«^4lc^f » 
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i-5 d < 1 i: bfcHJSM 1 — 6 (Dmmt. d=l t X^fcitmW,^ 1 i-Hs-^. 

M^!l7~8<Dm?tfa.}-ov^Tmm^^l&m*^tS5?-t-5 ir. |b-c|<o. os^ 

o 

-t-;5 FMn-N im^^^i ^Wim\^Xh. Mn^rN i .i: C o <D F^tfej^ifej ^ 

B&IB r;|^^^?£j J:?)t5H&iB r^tfcBi^fej r. <!: ^^^BJ^b 

Mn i :$sfrJii>Sr^:ii-fci?)"efeS„ Mn-^N i :a5c o irti^ dirt's flfr 

•So 

LiNio.oosMno.005Coo.99O2 (B-Ola) 
ftulBUMMl irl^^lc bTIE^?gife/H^3^5tbfCo L iN i o.oosMn 0.005 C o 
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(?gt»^'^^M2) LiNio.oiMno.oiCoo.9802 (B-02a) 

■mmmMm2 tmm^i^xiEmf^i^^^M^i-tz^ l i n i o.oiMno.oiC o 

(^StjW-o-fifeM 3 ) LiNio.25Mno.25Coo.95O2 ^S^Sfe (B-03a) 
ttriBllJSMS i:|^ilt3:bTiE:giSi^!gSr^]ltbfc„ L i N i o.025Mn 0.025 C o 
0.95O2)ia^fetr?itlSbfCo rtttr?&#i®B-03a i:i-So 

(S^i^H-n^^M 4 ) LiNio.025Mno.025Coo.95O2 (B-03b) 

^^MK^&1tt-7K^3. 5 P y h/^Ati.fco $bt3:pH=ll. 6i:f^S<J;5 

#^SrfflV^Tl 2 0 0 r p nK^HteitST'^i^ -iJ^^i- SJ^^tf^ 

T% ^?^I^O^#^mitl^*Uf::o ^9^^-^^^;^^:/ 5 7KfP^ (0. 0 4 4mo 1/ 
1) i:fiiS^^iX-5^/l^6 7lc5ftlfe (0. 044mol/l) i:i£^=i^-^/^ h 7 7KfPi^ 
(1. 670mol/l) K7i>Vl;!KfP4^ (0. OlOlmol/l) 

^^bTV^5Jm5|S|-^?^^f^^Ufc. mmn^^^S, 1 7 m 1 i n <^$fc»-e 
H«IB^f&1f t-3S)^6^«TbfCo ^n<^IWI^bX. 1 2mo 1 / 1 (DT^-^c^^T 
mm^O. 2 2m 1 /m i ncD^i-C^STM-a-bfCo ^fc. t&|aHJ^;^'lf F^^^^^^ 

pHjosii. 4±o. ik—^i^ti:^^^, s 2%7i<.mit'f-hv ^j^T^mm^m 

^-;^;^^^'ft-ESPAtiZ^Ayfco *fc. 3. 5 y b/i-^^l^— 

WmBM^. 5NfF^<^^11c, S/?i;^;^i^-C$>SN i -Mn-C o^-g-^ 

N i -Mn-C o ^ttmmi^(D^m^M^"^^fCo 
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]) '^^J>^—7k^'^M^I^ i / (N i +Mn 4-C o) = 1 . 0 ^ fj:^^ 5 i^WAl- 

^r^V>T. Ky^^rgftiiT. 1 0 CC/h r ©#ii.5tS-e8 5 0'C*t?#iab 
, 8 5 CCOMS^ 1 5 h r ^itb. ^?>CV^T. 1 0 0 'C/ h r (0^^^*P7i^-e 2 0 

o°c^-e/^*iiL.. -^om;^^^Lfco nhntcmw^^7 5 uLm&.riz^^^^n-r^ 

:3^5/i5';^JliIiI$fa!l^<^5i^ms #e>tLfc|&5i5j*^Fig8lR 3-mlz:)ltJR$tt5^— 

tBt?fe5r ^;05t9diofC„ ICP(Dj^m^ L i N i o.025Mno.025C O 0.95 0 2^^ 

(^^jR-^^^fil 5 ) LiNio.05Mno.05Coo.90O2 ^S^fe (B-04a) 
SlriallllfeM4 i:|^^j3:bTiE@?&i^®Sr]^5tLfc„ L i N i o.osMn o.osC o 

(^#JK-^^M6) LiNio.o835Mno.o835Coo.83302 *tfcfe (B-05b) 

H&IBUli^JS i:|^^i3:bTiE^?Si^®^^itbfCo L i N i o.0835Mno.0835C 

oo.833 0 2j^^^?i^U;feo rti.5Sr?£ife@B-05a i:i-S„ 
(t^il^S'^^M 7 ) LiCo02 (B-Co) 

HuiBJtig^^j 1 ^ mmi^ vxiEmf^mw^UTt L.fc„ l i c o 02 m^sram u 

fco ::ti/^t£#J® B-co 

(^gi^H-a^^M 8 ) LiNio.i65Mno.i65Coo.67O2 (B-lla) 
tulBUmMe ^I^i^l^ LTE^l?gi^K$rM5tUfCo L i N i o.iesMno.iesC o 

(fB^W-^J^MQ) LiNio.01Mno.04Coo.95O2 (B-12a) 

mmmMmr tmm^i^xjEmm^w^m^^i^t^io l i n i o.oiMno.o4c o 
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